The number of dogs in the UK is on the rise, as are canine sports involving the use of a harness to 76 allow the dog to pull against an interface in the same way as a husky might pull a sled. Service dogs and those 77 involved in essential work commonly wear a harness throughout their working lives, yet little is understood 78 regarding the biomechanical impact of their use. This systematic review was conducted to review reported 79 evidence of the biomechanical effects of harness and head collar (Halti) use in dogs.
Introduction 92 The canine population in the UK is currently estimated to be in excess of 9 million, whilst owner 93 expenditure is in excess of £10 million per annum [1] . A fundamental requirement of dog ownership is control 94 outside of the home, and owners spend even more time and money on puppy classes, obedience training 95 and behaviourists in the hope of having a sociable and obedient pet, yet nearly a quarter of dogs given up to 96 the Dogs Trust are there because of behavioural issues, such as a lack of control or aggression towards other 97 dogs and/or humans [2] .
98
A common solution for owners when faced with an unruly dog is the use of a restraint such as a harness or 99 head collar (commonly known as a Halti), with manufacturers routinely advertising them on the basis of how 100 they can benefit the owner, using product names such as Non-Pull™ and Easy walk™. Training a dog is vital 101 in their early years and the foundation of correct behaviour [3] and harnesses are often used during the 102 training period or as a training aid. It is surmised therefore that an owner is more likely to use these types of 103 restraint when an animal is younger and relatively unruly, which raises questions regards their suitability and 104 possible impact on a developing musculoskeletal system and its associated growth plates.
105
Canine sports such as Canicross (also known as Cani-fit) and Bikejoring are also growing in popularity 106 in the UK, and these sports use harness systems to allow an animal to pull against an interface in much the 107 same way as a husky may pull a sled, utilising the canines instinct to pull against pressure [3] . Harness systems 108 of varying designs are also worn by all manner of service dogs, from guide dogs to search dogs and those 109 involved with armed forces and policing.
110
It is clearly appropriate that a dog is under control at all times, for its own safety and the safety or 111
others, yet there is very little discussion around the welfare consequences of using restraint devices, or 112 whether they may prevent walking at the most natural, biomechanically efficient gait. As such they may have 113 the potential to impact the dogs long term health and potentially compromise welfare.
114
If this proves to be true then the resultant costs may far out way any initial training expenditure needed to 115 negate the need for restraint devices -the cost of veterinary care continues to rise, with insurers paying out 116 on average £2 million per day for pet claims, an increase of nearly 56% in the last eight years [4] . Intervention (harness OR restraint* OR "head collar" OR "head-collar" OR halti OR "no pull" OR "no-pull" OR "non-pull" OR "gentle leader" OR "julius-k9" OR dogmatic OR ruffwear)
OR "vest harness") 
162
The full text of any remaining papers was then used to confirm suitability. Bibliographies of the 163 remaining papers were also used to identify any studies that were not located within the electronic search 164 A standardised model of data collection was then used as set out within PRISMA guidelines [16] to extract 165 key information from each of the included studies. events. All domains were then scored as either 1) low risk of bias 2) unclear risk of bias or 3) high risk of 177 bias and results were collated using excel to produce a graph which would indicate the total risk of bias for 178 the pool of papers as a whole.
179
In addition, papers included in the review were checked for evidence of conflicts of interest such as funding 180 from organisations that may gain from specific research results.
181

Results
182
Results of the search and subsequent exclusions can be seen in (Fig 1) Y-shaped harness is designed to stop the animal pulling, so addition of weight was contrary to the design.
Skin displacement over joints during locomotion will have affected accuracy of results.
Treadmill can affect gait pattern. shoulder extension at both walk and trot, however the non-restrictive (Y-shaped) harness actually 200 decreased shoulder extension more than the chest harness, by an additional 2.56 0 reduction in extension at 201 walk and an additional 4.82 0 in trot. Full results are shown in table 5 and illustrated in (Fig 2) . highest at the right sternum, with both the left and right sternum constantly loaded by all three harnesses.
202
210
There was insignificant loading of the spine from all three types of harnesses studied, as well as variable 211 loading of the shoulders as seen in (Fig 4) . Data from the study can be seen in table 6. The second study by Peham et al.,(2013b) only reported data via an abstract which states that one 
Bias Assessment 224
The individual results of the ARRIVE Bias assessment of included studies are shown in (Fig 4) . No 225 conflicts of interest were Identified. Two papers failed to report details of animal housing and husbandry including procedures to monitor test subject's welfare during the study, whilst the remaining publication 227 partially disclosed husbandry only. Two papers failed to fully discuss how treatments were allocated to each 228 test subject, although as they were cohort studies no randomisation was expected. Two papers also did not Although not conclusive it is clear that harnesses utilising a chest strap or of a Y-shaped design do limit 237 the angle of shoulder extension at both walk and trot. The reasons why a Y-shaped harness, deemed non-238 restrictive would limit extension to a greater degree is unclear, however the author postulates that it may 239 restrict the musculature around the scapula at both the cranial angle and border which would reduce its 240 extension. It is also unclear whether the width of strap or padding would further influence angulation,
241
although a reduction in the width of straps would focus pressure beneath them. Only the Lafuente et al.
242
(2018) study specified a width of 25 millimetres for the Y-shaped harness straps, running from the sternum 243 to the dorsal neck so no conclusions can be drawn regarding width of straps versus the effect on gait, but is 246 study used two 2.5kg weights attached to the lead on either side of the dog to simulate pulling and 247 interestingly this addition reduced shoulder extension even further. This was not consistent with both types 248 of harness, indicating that the shape of the harness could be a contributing factor as opposed to the load 249 pulling the limb caudally. It may also be that the dog shifts its centre of mass cranially to allow it to pull more 250 effectively, which is especially pertinent where canine sports such as canicross are concerned as the animal 251 is expected to be able to manoeuvre at speed, with a harness that is padded enough so as not to cause injury, 252 but thin enough to allow the limbs to move freely. The addition of 5 kg of weight is relatively light when compared to the potential forces caused by a runner attached via a bungee lead, especially if the lead is at 254 the end of its stretch capacity. One unexpected result is that a guide dog harness did not create pressure on 255 the dorsal spine, but this may be due to the handler needing to maintain contact by lifting the harness slightly 256 via the handle. This would also explain why forces are highest at the right sternum as guide dogs are taught 257 to walk on the right of their owner at all times, meaning a slight lifting force would be exerted by the handler 258 from the left side of the dog. It is assumed that the majority of dog owners do not use a harness handle when 259 exercising their pet so the slight shift in weight bearing would not be significant for the wider canine 260 population, however it does have implications if a dog is undergoing therapy that requires them to use a sling 261 device or harness, in that an additional load will be created on the limb opposite the handler, and therefore 262 the handler should be on the same side as any affected limb so as not to place additional strain on the area.
263
Albeit this particular study did not interpret its results in terms of gait, it did show that the forces involved 
277
It would therefore seem logical that the larger or wider the harness, the more these will be impaired. As has 278 been noted skin displacement over anatomical landmarks during locomotion can lead to incorrect data 279 collection [22] so this would also need to be addressed in futures studies. No studies to date have explored any impact on gait when using a head collar and leash, which would be necessary if it is to be compared to 281 the suitability of harnesses.
282
Risk of bias was low, but none of the studies adequately discussed the housing and husbandry of the 283 test subjects, and almost all did not fully examine or record baseline data prior to any intervention which 284 again limits the validity of the results. policing and security services as mentioned above. This would also reduce the overall number of breeds that 305 would need to be studied initially as well as having the greatest potential impact. What is clear is that future 306 studies will need to be of a sufficiently robust nature to be able to provide appropriate data, which has been 307 lacking in some of the research so far.
285
Strength of Evidence and Further Research
308
The only clinically relevant data that can be taken from this review is that shoulder extension is limited 309 by two of the most common types of harness. At present the use of relatively low-cost technology to assess 310 gait is still underutilised in veterinary practice, but what is clear is that quantitative analysis is the most 311 effective way of detecting biomechanical abnormalities as well as the underlying reasons.
312
Conclusion 313
As has been shown very little research exists regarding the effect of restraint use on canine gait. Of
314
the studies identified only one would be deemed to have the necessary scientific protocols to show sufficient 315 evidence of a change in gait, however it lacks a large enough sample size to reflect on the canine population 316 as a whole. None of the studies showed a biomechanical change when using a head halter but questions do 317 remain as to their long-term suitability. Nor does current research relate to any forms of pathology which 318 would be the next logical step, otherwise as standalone research the value is limited. This lack of 319 understanding poses a dilemma for veterinarians and physiotherapists alike, especially in the context of 320 evidence-based practice, who are forced to make judgements on what is best for a dog's long-term welfare,
321
with no reliable means of knowing potential outcomes.
322
Further research is needed to establish if limiting a dog's natural gait impacts their longer-term 323 welfare and to define the relationship between certain types of harness and injury, especially in working 324 breeds and those taking part in sporting endeavours. Owners, veterinarians and physiotherapists need to 325 understand the importance of the correct selection of a canine restraint system based on the breed as well 326 as the dog's purpose. Special consideration should be given to working dogs and they may routinely have to 327 adopt an abnormal gait, as well as canine athletes who may be subject to the same restrictions but also be 328 expected to work at their maximum capacities. 
